Echinococcosis in humans is a disease caused by the larvae of ICT evaluated 102 cases of cystic echinococcosis, 38 cases of other parasitic diseases, and 50 healthy individuals. ELISA (DRG, Germany) that detects IgG antibodies specific for E. granulosus was used as the reference method.
Background
Echinococcosis in humans is a disease caused by the larvae of Echinococcus granulosus (E. granulosus) and Echinococcus multilocularis (E. multilocularis). Echinococcosis emerges as an important public health problem in Turkey as well as throughout the world. The course of early-term infections is generally asymptomatic. Early diagnosis decreases morbidity and mortality. Imaging methods such as ultrasonography, computerized tomography, and magnetic resonance are valuable for the diagnosis of the disease. However, there are some difficulties in distinction of the disease from abscess and malignancy in some cases. Serological tests are valuable, especially in the clarification of unexplained clinical findings and imaging methods and in early diagnosis. The relationship between disease-specific IgG antibodies and the clinical presentation of the disease was shown by several studies [1] [2] [3] . Performance of the serological diagnosis varies depending on the antigen used and the test performed [2] . In the diagnosis of cystic echinococcosis, hydatid cyst fluid and crude antigens have shown higher sensitivity compared to purified cyst fluid components [4] . Indirect hemagglutination (IHA), latex agglutination, immunoelectrophoresis, immunoblotting, immuno-enzymatic tests, indirect fluorescence antibody test (IFAT), and enzyme-linked immunosorbent assay (ELISA) are used in serological diagnosis [3] . However, these diagnostic methods require special tools and equipment. The use of rapid diagnostic methods in the detection, isolation, identification, and count of pathogen factors in clinical, food, and environmental samples and their metabolites was first started in the 1960s [5] [6] [7] . These tests are cheap, rapid, and have high specificity and sensitivity. Moreover, the test requires no special equipment for use and can be read by eye, and can be used by people who are not expert. This qualitative and semi-quantitative test detects antibody, antigen, and nucleic acid products [8, 9] . Its shelf-life can be increased up to 2 years by packaging inside a plastic cassette. The immunochromatographic VIRapid ® HYDATIDOSIS (Vircell, Spain) test is a tape test that contains 5/B antigen of E. granulosus, works for serum and plasma samples, and gives legible and qualitative results within 30 min. There are few studies performed on this subject [10, 11] . The aim of this study was to investigate the diagnostic value of an immunochromatographic test specific for the detection of E. granulosus antibodies in cystic echinococcosis.
Material and Methods
This study was performed after ethics approval from the local ethics committee (call no. 15/14, project no. 2014/208). Written consent was obtained from all subjects in the patient and control groups. We included 102 patients (57 men, 45 women; age range: 13-78 years) who were clinically, radiologically, and surgically diagnosed with cystic echinococcosis in Kocaeli University Faculty of Medicine. Serum samples were collected before treatement for cystic echinococcosis. A total of 38 sero-positive serum samples of other parasitic diseases (including 10 leishmaniasis, 13 toxoplasmosis, and 15 taeniasis) were included in the study for cross-reactions (Table 1) . Serum samples of 50 healthy individuals were included in the study as a control group. ELISA detecting E. granulosus-specific IgG antibodies (DRG, Germany) was used as the reference method. The test was used in all serum samples according to the manufacturer's recommendations. Ten IU was taken as the threshold value and values exceeding it were considered as positive. The immunochromatographic VIRapid ® HYDATIDOSIS test (Vircell, Spain) using 5/B antigen of E. granulosus was performed on all serum samples according to the manufacturer's recommendations.
Statistical analysis
The IBM SPSS for Windows 20.0 (SPSS, Chicago, IL, USA) software package was used for data analysis. Diagnostic tests were used for the assessment of data performance. Sensitivity, specificity, and diagnostic value were calculated based on true-positive, true-negative, false-positive, and false-negative values in 2×2 tables. the ELISA test was tested by kappa value, which was assessed as very good within the range of 0.75-1.0.
Results
Serum samples tested with the immunochromatographic test are shown in Figure 1 . While negative serum samples gave a reaction only with the control line ( Figure 1A ), samples seropositive for cystic echinococcosis gave a reaction on both test and control lines ( Figure 1B ). In the study, 92 out of 102 serum samples were detected to be positive with the immunochromatographic test, while 95 samples were detected to be positive with ELISA (Table 1 ). The immunochromatographic test was evaluated for other parasitic diseases in terms of cross-reactivity and the highest reactivity was observed with taeniasis (T. saginata); however, this value was found to be lower than ELISA. When sensitivity and specificity of ICT was tested with serum samples from patients diagnosed with leishmaniasis, toxoplasmosis, and taeniasis, 4 of 15 patients with taeniasis and 2 of 10 patients with leishmaniasis were found to be positive, indicating the presence of some cross-reactivity. Among serum samples of 50 healthy individuals, seropositivity was found in 2 people by the immunochromatographic test and in 1 patient by ELISA. The p value indicated that the difference between ELISA and immunochromatographic VIRapid ® HYDATIDOSIS test for cystic echinococcosis was not statistically significant (McNemar chi-Square p=0.62; Kappa=0.757). In this study, sensitivity, specificity, positive predictive value, and negative predictive values for the immunochromatographic test were 96.8%, 87.5%, 98.9%, and 70%, respectively. The diagnostic value was determined to be 96.1%.
Discussion
In the last 20 years there have been significant improvements on the serological diagnosis of echinococcosis. Sensitivity and specificity of the diagnostic tests were increased by use of new antigens and methods. Many serological tests were developed for the diagnosis of this disease [2, 3, 12, 13] . In this study, cystic echinococcosis-specific IgG type antibodies were studied with the immunochromatographic test. We found that it agrees with ELISA for specificity and sensitivity. Sensitivity of the immunochromatographic test was 96.8%, its specificity was 87.5%, positive predictive value was 98.9%, and negative predictive value was 70%. Similar results were obtained in other studies [2, 14] . The highest performance was in active cysts in the serological diagnosis of echinococcosis. The immunochromatographic VIRapid ® HYDATIDOSIS (Vircell, Spain) test used for the diagnosis of cystic echinococcosis is a tape test that contains 5/B antigen of E. granulosus, works for serum and plasma samples, and gives legible and qualitative results within 30 min. While 92 out of 102 samples from individuals with a diagnosis of cystic echinococcosis were positive by VIRapid ® HYDATIDOSIS immunochromatographic test, reactivation was observed on test line in 2 of 50 seronegative samples.
The successful use of rapid diagnostic tests for the diagnosis of infections of Echinococcus species was shown in several studies. Researchers have evaluated 50 alveolar echinococcosis patients with an immunochromatographic test developed by using recombinant Em 18 antigen, with a reported sensitivity of 94.2% and specificity of 95.4%. They found these results agree with the results of ELISA and immunoblot [10] . In another study, camel hydatid cyst fluid was used as the antigen and 26 cystic echinococcosis patients and 35 patients with other parasitic infections were evaluated by this rapid test. Sensitivity of the test was detected as 100% and specificity as 91.4%. It was reported that this test was easy to use and gives results in 15 min [11] . A similar result was obtained by rapid dot immunogold filtration assay (DIGFA) that gives the result in as fast as 3 min in the diagnosis of cystic and alveolar echinococcosis. In this study, E. granulosus purified hydatid cyst fluid extract (Eg CF and AgB), crude antigens, E. granulosus protoscolex extract (EgP), and E. multilocularis metacestode antigen (Em2) were used. This is a rapid diagnostic method that is as easily read as the immunochromatographic test; its sensitivity is 80.7% in cystic echinococcosis and 92.9% in alveolar echinococcosis [13] . In a performed study, 72 serum samples taken from 12 patients with a diagnosis of alveolar echinococcosis at different stages were evaluated by the immunochromatographic test and ELISA. It was reported that the immunochromatographic test showed a high correlation with ELISA absorbance values in the follow-up of different stages of the disease. Moreover, it was emphasized that it did not require expertise or special equipment and it gave results within 20 min. It was reported that it was highly successful in the evaluation of active inactive lesions and during followup after radical surgery [15] . In another study on 144 cystic echinococcosis patients who were assessed by immunochromatographic test that was developed by using hydatid cyst fluid, sensitivity of the test was 91% and specificity was 96.9%. No significant difference was found between ELISA and the immunochromatographic test for cystic echinococcosis. Positivity was detected in 1 of 60 healthy individuals and 5 of 25 cysticercosis patients who were evaluated by this test [16] . We found false-positivity in 2 of 50 healthy individuals and 4 of 15 taeniasis patients by immunochromatographic test. These results were higher than the results by Carmena et al. [2] and Zhang et al. [14] . Seropositivity in echinococcosis varies depending on active cysts and organ involvement [17] [18] [19] [20] . Again, it was reported that natural and recombinant antigens were not better than crude hydatid cyst fluid antigens in serological diagnosis of E. granulosus [14] . Cystic echinococcosis patients were assessed by a serological test using recombinant antigen B (rAgB) and positivity was detected in 77.6% [21] . In a performed study, 5 different antigens -hydatid cyst fluid, AgB, AgB/1, AgB/2, and AgB/3 -were compared in the serological diagnosis of echinococcosis and reported that a higher positivity and specificity were detected in the tests using hydatid cyst fluid [22] . In this study, a lower seropositivity was found depending on the antigen used.
Lower specificity is observed in immunochromatographic tests due to cross reactions, especially an antigenic similarity often seen between Echinococcus and Taenia species [23] . We observed the most frequent cross-reactions in taeniasis among parasitic diseases in our study.
Conclusions
In our study, the immunochromatographic VIRapid ® HYDATIDOSIS test was shown to work well in detecting antibodies against E. granulosus in human serum samples. It is important to have high specificity and sensitivity and high positive and negative predictive values for rapid diagnostic tests. However, in specificity studies among different parasitic diseases, antigenic similarities may be observed between Echinococcus and Taenia species. Therefore, the ICT test can also detect the antibody in taeniasis patient serum, which decreases its specificity. Moreover, these tests have some advantages, such as their performance within a short time, obtaining rapid results, their lower costs, and no need for any special equipment or storage conditions. However, more extensive studies are needed on this subject. We suggest that rapid diagnostic tests may be used for supporting clinical diagnosis in combination with ultrasonography and for screening purposes in regions where echinococcosis is endemic.
